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THE  RELATION  BETWEEN  THE  SKIN  FRICTION  DRAG  AND  THE_  SPIN 


REDUCING  TORQUE 
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On  certain  sir.plifying  assumptions,  a  relation  betv/een  the  skin 
friction  drag  and  the  spin  reducing  torque  or  axial  couple  is  deduced. 
On  the  basis  of  measured  values  of  the  axial  couple  coefficient  the 
skin  friction  drag  coefficient  is  deduced  and  compared  with  the  . 
measured  total  drag.— ^  S>  ^6. /'C 

It  occurred  to  ofe-of  uc-“-  tha»  the  measured  values  . 

of  the  axial  CQup1,e  coef f lo.lent'  sj^euld  aff OPd  a . !fc6'Uim?' 

skin  friction  drag  coefficient ._^Le“^ 
purpose  of  this  report  is  to  derive  a  method  of 
this  estimate. 

Consider  a  shell  of  caliber,  d, moving  nose  on  mt^L  >y 
the  air  with  a  velocity,  v,  and  a  velocity  of  rotatMn^lo. 

We  make  the  assumption  that  the  skin  friction  drag  »  V 
an  element  dS  of  the  surface  of  the  shell  is  *  V 

V  P  f(z)  dS  \ 


C,  Charters 


in  infegnitude,  v/hers  \x  is  the  velocity  of  the  element  with 
respect  to  the  atmosphere,  p  is  the  density  of  the  \m- 
djjsturbed  air  and  f(z)  is  a  function  of  z,  the  distance  of 
tl?e:  alement  from  the  base  of  the  shell.  I'he  direction  of  the 
skin  friction  drag  on  the  element  d8  is  taken  to  be  opposite 
to  the  direction  of  motion  of  the  element  dS. 

If  the  radius  of  the  shell  at  the  section  on  which  dS  ■ 
lies  is  r,  the  relative  velocity  u  is  evidently  the  vector 
sum  of  v  and  rco  or 

+  r^  co^  =  u.' 

The  component  of  tliis  force  parallel  to  the  axis  of 
the  shell  is  obviously 

p  ^  f(z)  u^dS  =  pf(z)  u  V  dS 

and  the  total  skin  friction  drag  on  these  assumptions  is 


/f(.) 


p  f(z)  uv  dS  =  p  u  V 


if  u  is  an  appropriate  average  value  of  u. 

The  tangential  component  of  the  skin  friction  force  is 
evidently 

p  f(z)  u^  dS  =  p  f(2)  r  0)  u  dS. 

The  torque  produced  by  this  force  acting  on  the  element  dS 
is 

p  f  (z)r^  CO  u  dS 
and  the  total  torque  is 


p  f(z)  r^cou  dS  =  pcou’  /  f(z)r^  dS 


if  u*  is  another  appropriate  average  value  of  u. 


It  is  apparent  that  to  evaluate  (l)  one  needs  to  know 
the  value  of  ^f(z)dS. 

If  r®  represents  a  certain* average  value  of  r®  and  the 
torque  is  known,  f(z)  dS  is  determined  by  the  relation 


(6) 


✓ 


v/here  the  axial  couple  coefficient  is  dlraensionless .  It 
may  be  shown  that 

~  .075'r  ”  2.76  X  10^  Cp, 

From  (4)  and  (6) 

4v  p  d^cov  K. 

■"f  “  — ?;;; —  = 

where  Dp  is  the  skin  friction  drag. •  If  the  skin  friction 
drag  coefficient  is  designated  by  Kpp  so  that 

”  ^DF  P 

then  from  (7) 


^DF  P  ^^A  P  ^DF  ""  ^‘'^A* 

According  to  Captain  Sterne’s  analysis  of  Dr.  Van  Allen’s 
results  the  value  of  Cp.  for  tne  3”  shell  M42  is  2.12^x  10-8 
from  which  the  value  of  lip  is  found  to  be  5.85  x  10-3.  The 
corresponding  value  of  Kpp  is  therefore  4  x  5.85  x  10-3  =  .0234.'^ 

The  drag  coefficient  of  this  shell  is  approximately  .153 
at  a  velocity  of  2000  ft/sec.  Hence  the  ratio  of  the  skin 
friction  drag  to  the  total  drag  is,  on  these  assumptions 


.0234 

.153 


.153. 


If  the  skin  frictiorL,.drag  is  evaluated  by  (3)  instead  of 
(4)  i  in  other  v;ords,  if  r""  is  substituted  for  d^/4,  we  have 


1^1' 


T  O  - 

-  ti’h'  u  „ 

~  ■""i  ^  > 

r  u’ 


and  the  ratio  may  be  larger 


in  the  value  given,  .153' 


'**'  The  customary  aerodynamic  expression  for  the  skin  friction  drag  is: 

Dp  =  CdF  P  S 

where  S  is  the  surface  of  the  projectile.  For  the  3”  shell  M42,  the 
calcxilated  S  is  103.5  in®>  i^nd  S/d^  is  .1.1,50.  Hence, 

Cqp  =  .00205,  Ka  =  .OOC',5'--'  S/d^.  _ 

If  S^represents  the  siurface  of  the  projectile,;  exclusive  of  the  base, 
S' is  96.5  In®  and  S/d®  is  10.72  for  the  3”  r.-'..oil  Mi2.  Then, 

Cdf  =  .00213,  Ka  =  .000,545  S/d®. 


-4- 


f 


von  naTinan-^  and  Moore  give 
thio  ratio.  ■' 


ao  an  cstiraated  value  of 


It  follov/s  fror,i  the  arguiiient  of  page  2  eopiation  (2) 
that  in  place  of  (5)  the  axial  couple  could  be  expressed 
raore  accurately  in  the  forn 

,  M_  =  K*  pd^  CO  u' 

S  IX 


and  for  the  cylindrical  shell  this  would  become 


K.  pd' 


+  0)2 /4 


4  * 

A.  C.  Charters 


X.  H.  Kent 


■^von  Karm^  and  Moore,  Trans.  A.S.M.E.,  June  1932. 

*  This  form  was  proposed  independently  by  J.  A.  Van  Allen  in  a  letter 
dated  Juno  25th,  received  while  this  report  was  being  written. 
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